Eukaryotic mRNAs possess a 5-terminal cap structure (cap), m 7 GpppN, which facilitates ribosome binding. The cap is bound by eukaryotic translation initiation factor 4F (eIF4F), which is composed of eIF4E, eIF4G, and eIF4A. eIF4E is the cap-binding subunit, eIF4A is an RNA helicase, and eIF4G is a scaffolding protein that bridges between the mRNA and ribosome. eIF4G contains an RNA-binding domain, which was suggested to stimulate eIF4E interaction with the cap in mammals. In Saccharomyces cerevisiae, however, such an effect was not observed. Here, we used recombinant proteins to reconstitute the cap binding of the mammalian eIF4E-eIF4GI complex to investigate the importance of the RNA-binding region of eIF4GI for cap interaction with eIF4E. We demonstrate that chemical cross-linking of eIF4E to the cap structure is dramatically enhanced by eIF4GI fragments possessing RNA-binding activity. Furthermore, the fusion of RNA recognition motif 1 (RRM1) of the La autoantigen to the N terminus of eIF4GI confers enhanced association between the cap structure and eIF4E. These results demonstrate that eIF4GI serves to anchor eIF4E to the mRNA and enhance its interaction with the cap structure.
The cap structure, m 7 GpppN, is present at the 5Ј terminus of all nuclear transcribed eukaryotic mRNAs. Cap-dependent binding of the ribosome to mRNA is mediated by the capbinding protein eukaryotic translation initiation factor 4E (eIF4E), which forms a complex termed eIF4F together with eIF4G and eIF4A. Mammalian eIF4G, which has two isoforms, eIF4GI and eIF4GII, is a modular, multifunctional protein that binds to poly(A)-binding protein (PABP) (14) and eIF4E (18, 20) via the N-terminal third region. Mammalian eIF4G binds to eIF4A and eIF3 (15) via the middle third region and to eIF4A and Mnk protein kinase at the C-terminal region. eIF4GI also possesses an RNA-binding sequence (2, 9, 33) in the middle region. There are two RNA-binding sites on eIF4GI; one is located amino terminal to the first HEAT domain, and the other is located within the first HEAT domain (23) . Mammalian and Saccharomyces cerevisiae eIF4E are similar in size (24 kDa), but mammalian eIF4GI (220 kDa) is larger than its yeast counterpart (150 kDa), as the latter lacks a C-terminal domain corresponding to mammalian eIF4GI (38) .
The affinity of eIF4E for the cap structure has been a matter of dispute for some time. The earlier works of Carberry et al. (4) and Ueda et al. (39) estimated the equilibrium dissociation constant (K d ) of the eIF4E-cap complex by fluorescence titration to be 2 ϫ 10 Ϫ6 to 5 ϫ 10 Ϫ6 M depending on the nature of the cap analog. Later on, development of a new methodology for the fluorescence titration experiments yielded K d values of 10 Ϫ7 to 10 Ϫ8 (29, 41) . The source of the difference with the previous reports was thoroughly analyzed (29, 30) . The interaction between the cap structure and eIF4E is dramatically enhanced by eIF4GI. This was first reported by showing that cross-linking of mammalian eIF4E to the cap structure is more efficient when it is a subunit of the eIF4F complex (19) or when it is complexed to eIF4GI (11) . A similar enhancement of the binding of eIF4E to the cap structure was observed in yeast (40) . However, two very different mechanisms were proposed to explain these observations. For the mammalian system, it was postulated that the middle segment of eIF4GI, which binds RNA, stabilizes the eIF4E interaction with the cap structure (11) . This model was based primarily on the finding that in poliovirus-infected cells, eIF4GI is cleaved between its N-terminal third and the middle third, and consequently, eIF4E remains attached to the N-terminal eIF4GI fragment lacking the RNA-binding region. Under these conditions, cross-linking of eIF4E to the cap structure was poor (19, 31) . In contrast, in yeast, a strong interaction between the cap structure and eIF4E was achieved using an eIF4G fragment containing the eIF4E-binding site that lacks the RNA-binding region (34, 40) . Also, the yeast eIF4G fragment from amino acids 393 to 490 (fragment 393-490), which does not contain the RNA-binding site, forms a right-handed helical ring that wraps around the N terminus of eIF4E. This conformational change was suggested in turn to engender an allosteric enhancement of the association of eIF4E with the cap structure (10) . Such an interaction between mammalian eIF4GI and eIF4E has not been reported.
To understand the mechanism by which eIF4GI stimulates the interaction of eIF4E with the cap structure in mammals, we reconstituted the eIF4E-cap recognition activity in vitro with purified eIF4E and eIF4GI recombinant proteins. Using a chemical cross-linking assay, we demonstrate that only mammalian eIF4GI fragments possessing RNA-binding activity enhance the cross-linking of eIF4E to the cap structure. Our data provide new insight into the mechanism of cap recognition by the eIF4E-eIF4GI complex.
MATERIALS AND METHODS
Expression and purification of eIF4GI deletion mutants. The full-length human eIF4GI cDNA clone DKFZp762O191Q3 (GenBank accession no. AL120751) (pSP4GI) was a kind gift from Richard E. Lloyd (Baylor College of Medicine) (3). The hemagglutinin (HA)-tagged full-length eIF4GI fragment was amplified from pSP4GI by PCR and inserted into the pcDNA3 vector (pcDNA3-HA-eIF4GI ). Open reading frames encoding eIF4GI fragments 84-1599, 84-1129, 84-674, 197-1599, 197-1129, and 197-674 were fused with a six-His sequence at the N terminus and a FLAG sequence at the C terminus and were subcloned into pUC-T7-EMCV IRES (26) . To express the eIF4GI fragments, BHK-21 cells (30 100-mm dishes) were infected with vTF7-3 (8) and then transfected with a pUC-T7-EMCV IRES vector that encoded the eIF4GI fragments using a polyethylenimine-based method (35) . After 20 to 24 h, cells were harvested and frozen at Ϫ80°C. Cells were thawed and disrupted by homogenization in 30 ml of buffer A (20 mM HEPES-KOH [pH 7.5], 10% glycerol, 5 mM 2-mercaptoethanol) containing 0.1 M KCl, 0.1% Triton X-100, and Complete EDTA-free protease inhibitor cocktail (Roche), and the resulting solution was incubated on ice for 20 min. After centrifugation at 9,000 rpm for 10 min, the supernatant was applied to SP-Sepharose (5 ml) (GE Healthcare). After the column was washed with buffer A containing 0.1 M KCl but no protease inhibitors (100 ml), proteins were eluted with 20 ml of buffer A containing 1 M KCl and 0.1% Triton X-100. The eluate was supplemented with imidazole (20 mM) and applied to Ni-nitrilotriacetic acid agarose resin (Qiagen; 0.6 ml). After the column was washed with buffer A containing 1 M KCl and 20 mM imidazole, proteins were eluted with buffer containing 250 mM imidazole, 0.15 M KCl, 20 mM HEPES-KOH (pH 7.5), 10% glycerol, and 5 mM 2-mercaptoethanol (2 ml). To dissociate eIF4E from eIF4GI, the eluate was incubated with 4E-BP1 (30 g/ml) (26) at 25°C for 30 min and then applied to an anti-FLAG agarose column (Sigma; 0.2 ml). After the column was washed with buffer containing 0.1 M KCl, 20 mM HEPES-KOH (pH 7.5), 10% glycerol, and 5 mM 2-mercaptoethanol (20 ml), proteins were eluted with the same buffer containing 0.1 mM EDTA (600 l) and FLAG peptide (Sigma; 100 g/ml) and dialyzed against the same buffer using a Slide-A-Lyzer mini-dialysis unit (molecular weight cutoff of 10,000) (Pierce). To express eIF4GI fragment 84-674 [eIF4GI(84-674)] and eIF4GI(197-674), a HeLa cell-based cell-free protein expression system (26, 27) was employed. Expressed proteins were purified as described above.
Expression and purification of eIF4E. A cDNA containing the entire open reading frame and a partial 3Ј noncoding region of the mouse eIF4E was inserted between the NdeI and BamHI restriction sites of pET-3b (Novagen) to generate pET-3b-eIF4E. Escherichia coli BL21(DE3) was transformed with pET-3b-eIF4E and grown in Luria broth (LB) at 25°C. eIF4E expression was induced with isopropyl-␤-D-thiogalactopyranoside (IPTG) for 2 h. Cells were suspended in sonication buffer (20 mM HEPES-KOH [pH 7.5], 0.5 mM EDTA, 100 mM KCl, 7 mM 2-mercaptoethanol, and 100 mM phenylmethylsulfonyl fluoride [PMSF]) supplemented with NP-40 (0.5%) and lysed by sonication. Cellular debris was removed by centrifugation, and the supernatant was incubated with cap analog affinity matrix. Recombinant eIF4E was purified as described previously (7) .
Expression and purification of La RRM1 fusion with eIF4GI fragments. pET-La cDNA (a gift from J. Keene, Duke University) (5) and pcDNA3-HAeIF4GI(1-1599) were used for the generation of La RNA recognition motif 1 (RRM1)-fused eIF4GI. To construct pGex-eIF4GI(197-674)-La-His and pGEXeIF4GI(602-674)-La-His, the La fragment containing a His tag at the C terminus, eIF4GI(197-674) and eIF4GI(602-674) fragments were generated using PCR. The N-terminal eIF4GI fragments were cloned between the EcoRI and NotI restriction sites of pGEX-6P-1 (GE Healthcare) with the His-tagged N-terminal La fragment. GST-eIF4GI(197-674)-La-His and GST-eIF4GI(602-674)-La-His were expressed in Escherichia coli BL21(DE3) and purified by Ni-nitrilotriacetic acid agarose (Qiagen) and glutathione Sepharose 4B (GE Healthcare) chromatography as described previously (14, 24) . After dialysis in cleavage buffer (50 mM Tris-HCl [pH 7.0], 150 mM NaCl, 1 mM EDTA, 1 mM dithiothreitol, and 0.01% Triton X-100), protein solutions were supplemented with PreScission protease (GE Healthcare) and incubated at 4°C for 4 h. Protein solutions were incubated with glutathione Sepharose 4B to remove glutathione S-transferase (GST). Full-length human La protein was expressed in Escherichia coli BL21(DE3) using pET-La and purified as described previously (37) .
In vitro transcription. The plasmid encoding luciferase T3luc(A) ϩ was described previously (13) . T3luc(A) ϩ was linearized with BamHI and transcribed with T3 RNA polymerase. Synthesis of capped RNA transcripts was performed with the MAXIscript T3 kit (Ambion). For electrophoretic mobility shift assay (EMSA), the plasmid encoding rabbit ␤-globin (pBS-␤-globin; a gift from C. U. Hellen, State University of New York Downstate Medical Center) (12) was linearized with NcoI and transcribed in vitro in the presence of [␣-
32 P]UTP with T7 RNA polymerase using MAXIscript T7 kit (Ambion). The RNA transcript (163 nucleotides) was purified using denaturing 5% acrylamide-8 M urea polyacrylamide gel electrophoresis (PAGE) in Tris-boric acid-EDTA (TBE) buffer. RNA was eluted from the gel with RNase-free water.
In vitro translation. Rabbit reticulocyte lysate (Promega) was treated with rhinovirus 2A pro (25 g/ml) for 30 min at 30°C as described previously (28), followed by incubation for 10 min on ice with 0.8 mM elastatinal (Sigma). The lysate was supplemented with recombinant eIF4GI fragments (200 nM) and incubated with capped luciferase RNA (1 ng/l) for 60 min at 30°C. Aliquots of the translation mixture (1/100th) were assayed for luciferase activity using the luciferase assay system (Promega) in a Lumat LB 9507 bioluminometer (EG&G Bertold).
EMSA. [ 32 P]UTP-labeled ␤-globin mRNA (0.2 nM) and recombinant eIF4GI fragments were incubated for 15 min at 30°C in binding buffer (100 mM KCl, 20 mM HEPES-KOH [pH 7.5], 10% glycerol, 3 mM MgCl 2 , and 0.1% Triton X-100). The reaction mixtures were supplemented with sample buffer and analyzed on a nondenaturing polyacrylamide gel (4% acrylamide and 0.1% bisacrylamide) prepared with running buffer (50 mM Tris [pH 8.5], 380 mM glycine, and 5% glycerol). The gel was prerun for 2 h at 50 V at 4°C prior to sample loading. Electrophoretic separation was performed at 50 V at 4°C overnight.
Chemical cross-linking assay. Chemical cross-linking was performed as previously described (25, 36) . Uncapped firefly luciferase (Luc) RNA poly(A)ϩ was radioactively labeled at the cap using vaccinia virus guanylyltransferase (Ambion) with [␣-32 P]GTP (Perkin Elmer Life Science) and S-adenosylmethionine according to the manufacturer's instructions. Cap-labeled mRNA was oxidized using 0.2 mM NaIO 4 for 2 h at 4°C. Oxidized mRNA (10 5 
RESULTS
Purification of recombinant eIF4GI fragments. To investigate the effect of eIF4GI on the interaction between eIF4E and the cap structure, purified recombinant murine eIF4E and human eIF4GI fragments (depicted in Fig. 1A) were generated. The purified proteins were intact and migrated as expected according to their molecular masses upon an SDSpolyacrylamide gel (Fig. 1B, lanes 1 to 7) . To assess the activity of the eIF4GI fragments, they were examined in an in vitro translation experiment in a rabbit reticulocyte lysate using a capped poly(A) ϩ luciferase RNA. The lysate was treated with rhinovirus 2A protease (2A pro ) to cleave endogenous eIF4GI, which results in inhibition of cap-dependent translation. Rhinovirus 2A
pro treatment reduced cap-dependent translation (to 30% of untreated control; Fig. 2 , compare bar 1 to bar 2). The addition of eIF4GI fragments containing the full-length protein, except for the first 83 amino acids, restored cap-dependent translation (Fig. 2, compare bar 1 to bar 3) . (This fragment will be referred to as full length throughout the manuscript. We used this fragment because the full-length protein is insoluble.) Importantly, the addition of a fragment containing just the N-terminal third and the middle third (fragment 84-1129) of eIF4GI also restored translation in agreement with a previous report (28) . However, eIF4GI fragments that lacked the middle segment failed to restore cap-dependent translation (Fig. 2 , compare bar 1 to bars 5 and 8). It is noteworthy that the eIF4GI fragment lacking the PABP-binding region (fragments 197-1599 and 197-1129) restored translation less effectively (62.5% to 88.1%) than eIF4GI fragments containing the PABP-binding site (Fig. 2 , compare bars 3 and 4 to bars 6 and 7), consistent with the important role of PABP in facilitating translation. These results demonstrate that all the eIF4GI fragments except for those lacking the middle third are functional in translation.
Binding of eIF4GI fragments to ␤-globin RNA. Because the central third of eIF4GI binds to RNA (32), we wished to document the RNA-binding activity of the different eIF4GI fragments. This was performed by analyzing the interaction between an uncapped [ 32 P]UTP-labeled fragment of ␤-globin RNA and eIF4GI by an EMSA (Fig. 3) . The formation of the RNA-protein complex was analyzed with increasing concentrations of recombinant eIF4GI fragments. eIF4GI fragments containing the middle third formed an RNA-protein complex in a dose-dependent manner (Fig. 3, lanes 2 to 4 and 5 to 7) , while N-terminal eIF4GI fragments failed to do so (lanes 8 to 10). This result demonstrates that eIF4GI binds to RNA through its middle segment.
The interaction between the cap structure and eIF4E is enhanced by eIF4GI fragments containing the RNA-binding region. To study the effects of different eIF4GI fragments on the binding of eIF4E to the cap structure, eIF4E was cross- linked to cap-labeled RNA by oxidation of the 2Ј, 3Ј cis-diol bond of the m 7 G-ribose, thus converting it to a dialdehyde, followed by formation of a Schiff base between the aldehyde group and ε-amino groups in eIF4E. The Schiff base was reduced to form a covalent bond between the cap structure and eIF4E, and the RNA was degraded using a mixture of RNases (36) . We chose to use the chemical cross-linking method rather than UV-induced cross-linking because the former is more efficient in cross-linking eIF4E to the cap structure (31). The cross-linking between the cap structure and eIF4E was enhanced by increasing the amount of eIF4E in a dose-dependent manner (Fig. 4A and B) . To investigate the effect of eIF4GI on the cross-linking of eIF4E to the cap structure, 10 ng of eIF4E (20 nM) was used, because this amount of eIF4E was far below saturating (Fig. 4A, lane 3) .
We next examined the potentiation of eIF4E cross-linking by eIF4GI(84-1599) using different molar ratios of the proteins. A molar ratio of 1:1 of full-length eIF4GI to eIF4E resulted in optimal enhancement of eIF4E cross-linking to the cap structure ( Fig. 4C and D) . Therefore, this molar ratio was used for further experiments. Recombinant eIF4GI fragments containing an RNA-binding region (fragments 84-1599, 84-1129, 197-1599, and 197-1129) enhanced eIF4E cross-linking to the cap structure ( Fig. 4E and F, lanes 3, 5, 9 , and 11), while N-terminal eIF4GI fragments lacking the RNA-binding region (fragments 84-674 and 197-674) failed to enhance eIF4E crosslinking to the cap structure (lanes 7 and 13). These results demonstrate that the RNA-binding region of eIF4GI is essential for the enhancement of the interaction between the cap structure and eIF4E. La RRM1 confers on the N-terminal region of eIF4GI the ability to stimulate the interaction between the cap structure and eIF4E. The middle third of eIF4GI is multifunctional, as it exhibits eIF3-, eIF4A-, and RNA-binding activity. If the RNAbinding activity per se were to be required for the enhancement of eIF4E binding to the cap by anchoring eIF4E to the mRNA, then any sequence nonspecific RNA-binding region would be expected to substitute for the middle segment of eIF4GI. To test this hypothesis, the RRM1 of the autoantigen La (amino acids 1 to 202) (6, 17) was fused to the N terminus of eIF4GI (Fig. 5A) . Since the PABP-binding site of eIF4GI is dispensable for eIF4E binding to the cap (Fig. 4E, compare  lanes 3 and 5 to lanes 9 and 11) , an N-terminal fragment of eIF4GI lacking the PABP-binding site was chosen for this study. The full-length La protein was used as a negative control. SDS-PAGE followed by Coomassie blue staining showed that the recombinant proteins were of high purity (Fig. 5B) .
Recombinant eIF4E and cap-labeled RNA were incubated with recombinant La-eIF4GI fusion fragments or the full-length La protein in a chemical cross-linking assay. The La-eIF4GI fragments, eIF4GI(197-674)La and eIF4GI(602-674)La, enhanced eIF4E binding to the cap structure 15-and 10-fold, respectively ( Fig. 6A and B, lanes 7 and 9) , while the full-length La protein failed to enhance cross-linking (lane 11). Strikingly, the eIF4GI (197-674)La fragment enhanced the interaction between the cap structure and eIF4E to the same extent as the eIF4GI(197-1129) fragment did (compare lane 7 to lane 3). The eIF4GI(602-674)La fragment also enhanced eIF4E cross-linking to the cap structure, albeit less efficiently (65%) than the eIF4GI(197-674)La fragment and the eIF4GI(197-1129) fragment (Fig. 6A and B , compare . This result clearly demonstrates that the RNA-binding ability of eIF4GI is required and sufficient for efficient interaction between the cap structure and eIF4E. We next investigated the eIF4GI fragment dose-dependent enhancement of eIF4E cross-linking to the cap structure (Fig.   6C ). Cap-labeled RNA and eIF4E were incubated in the presence of the increasing concentrations of the recombinant eIF4GI(197-1129) fragment or La RRM1-fused N-terminal eIF4GI fragments (fragment 197-674 or 602-674), respectively, at the following molar ratio of eIF4E to eIF4GI: 1:0.25 ( Fig.   FIG. 6 . La RRM1 confers on the N-terminal region of eIF4GI the ability to stimulate the interaction between the cap structure and eIF4E. (A) Cap-labeled RNA and eIF4E were incubated with recombinant eIF4GI fragments as indicated in the figure at a molar ratio of eIF4E to eIF4GI of 1:1. Proteins were cross-linked and analyzed as described in Materials and Methods. m Quantitative data with means and standard deviations (error bars) for these experiments are shown in panels B and D. (E) RNA-binding ability and the interaction between the cap structure and eIF4E of La RRM1-fused N-terminal eIF4GI fragments. The RNA-binding ability of the three fragments and the ability of the three fragments to enhance the cap-eIF4E interaction are shown (ϩϩϩ, strong; ϩϩ, moderate, Ϫ, none). (F) Model of the stimulatory effect of La RRM1 on the interaction between the cap structure and eIF4E.
VOL. 29, 2009 RNA BINDING OF eIF4GI ENHANCES CAP RECOGNITION 1667 6C, lanes 3, 7, and 11), 1:0.5 (lanes 4, 8, and 12), 1:1 (lanes 5, 6, 9, 10, 13, and 14) . The interaction between the cap structure and eIF4E was increased with increasing amounts of eIF4GI and La-eIF4GI fragments in a dose-dependent manner. The eIF4GI(602-674)La fragment enhanced eIF4E cross-linking to the cap structure less efficiently (62%) than the eIF4GI(197-1129) fragment and the eIF4GI(197-674)La fragment did ( Fig.  6C and D, compare lanes 11 to 13 to lanes 3 to 5 and 7 to 9). Taken together, these results demonstrate that the RNA-binding region of eIF4GI is necessary to enhance eIF4E binding to the cap structure (see summary of results [ Fig. 6E and F] ).
DISCUSSION
In this paper, we demonstrate that the RNA-binding region of eIF4GI dramatically increases the interaction between the cap structure and mammalian eIF4E. These findings appear to be at variance with those reported for yeast, in which it was concluded that a yeast eIF4G fragment lacking the RNAbinding region is capable of enhancing the cap-binding affinity of eIF4E (40) . The explanations for differences in the mechanism of stimulation of eIF4E-cap interaction by eIF4G between these systems might be manifold. First, while the readout for chemical cross-linking is the interaction of eIF4E with the cap structure, the magnitude of the cross-linking is strongly dependent on the interaction of eIF4G with the RNA, so that the affinity of eIF4E for the cap is only a minor factor. The interaction between eIF4E and the cap structure is a function of equilibrium conditions, but when eIF4E is kept close to the cap, the effective concentration of eIF4E in the vicinity of the cap is greatly increased, which shifts the equilibrium toward the formation of the cap-eIF4E complex, as the dissociation of the cap from eIF4E is prevented. In other words, the RNAbinding segment of eIF4GI dramatically enhances the stability of the eIF4E-eIF4G complex with the capped mRNA, but not via the interaction of eIF4E with the cap itself.
Although different methods were used in the mammalian versus yeast studies, this is unlikely to be the source of difference inasmuch as the cross-linking assay has been proven a reliable measure of cap-binding affinity in yeast (1) . Another possible explanation for the disparate results is the possibility of a difference between the yeast and mammalian mechanism of eIF4E-eIF4G interactions. There are several lines of evidence that are consistent with this idea. In mammals, a short polypeptide (16-residue polypeptide from eIF4GII) binds to the dorsal surface of eIF4E with a strong affinity (26 Ϯ 6 nM). Importantly, the conformation of eIF4E is not changed when it is bound to this peptide (21) . In contrast, in yeast, the corresponding eIF4G peptide binds to eIF4E with low affinity (2 M), but a larger fragment of eIF4G (393-490) binds to eIF4E with high affinity (3 nM) (10) . The binding of eIF4G to eIF4E causes a mutual folding of both proteins that leads to a stable complex. In this complex, eIF4G wraps around the N terminus of eIF4E to form a molecular bracelet (10) . Residues 23 to 32 of eIF4E become folded as a result of the interaction with eIF4G. Significantly, the formation of the stable eIF4E-eIF4G complex in yeast enhances the interaction between eIF4E and the cap (10) .
Alignment of the sequence spanning amino acids 25 to 35 of mammalian and yeast eIF4E shows weak homology (see Fig.   S1 in the supplemental material). This is consistent with the observation that mammalian eIF4G binding to eIF4E does not cause a coupled change in the conformations of both proteins (G. Wagner, personal communication) and also with our finding that binding of the N-terminal sequence of eIF4GI to eIF4E does not increase the cross-linking of the latter to the cap structure. Similarly, the on rate and off rate for binding of m 7 GpppG to human eIFE, and therefore the equilibrium binding constant, are the same in the presence and absence of human eIF4G(557-646) (35a).
The species-specific differences in the eIF4E-eIF4G interaction and their influence on cap recognition are also consistent with the findings that deletion of the first 32 amino acids from the N terminus of eIF4E had no effect on translation of a reporter mRNA in reticulocyte lysate (22) , while deletion of the first 30 amino acids in yeast eIF4E had a dramatic deleterious effect on translation and growth (10) . However, it is not immediately clear what might be the biological significance of the biochemical differences between yeast and mammals in the manner by which eIF4G enhances cap recognition by eIF4E.
In summary, mammalian eIF4G dramatically enhances the interaction of eIF4E with the cap by anchoring eIF4E to the mRNA via eIF4G. It is striking that eIF4G stimulates translation by interacting with two regions of the mRNA to stimulate eIF4E activity by circularizing the mRNA. One region is RNA sequence nonspecific as discussed in this paper, while the other is the poly(A) tail, through which eIF4G interacts with the FIG. 7 . Model of the mechanism by which eIF4GI stimulates the interaction between the cap structure and eIF4E. Binding of eIF4GI to the mRNA body brings eIF4E to the vicinity of the cap structure and consequently stabilizes the interaction between the cap and eIF4E. The thickness of the double-headed arrow represents the strength of the interaction. eIF4GI further enhances this interaction by interacting with PABP.
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PABP, resulting in enhanced binding of eIF4E to the cap structure ( Fig. 7 and our unpublished data) (16) .
